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o INTRODUCTION

This is the twenty-third monthly progress report to the National Aeronautics

and Space Administration (NASA) under Contract No. NAS {-1330,

This report

covers the fabrication, testing, and delivery of Algol solid-rocket motors far the

i

RN
i

;3 veaicie during Apral 1963,

The program has undergone numerous redirec-

tions since it was initiated; a summary of the program history is as follows:

t

o+
[4:]

a

1

une 19¢&1

November 1961

Janvary 1962

February 1962

April 1962

J'ine 1962

NMovember {962

PROGRAM MILESTONES

Event

The Algol I phase of the program was established with the re.
ceipt of a Letter of Intent covering 17 Algol I motors: 16 motors
for delivery and one motor for static firing.

Direction was received for the development of a new motor {de-
signated Algol 1IA) and a reduction of the number of motors for
the Algol I phase,

An amendment to the contract reduced the number of Algol 1
motors to nine, The original Algol 11 phase consisted of (1)
the design, development, and testing of 14 Algol ITA motors,
10 motors for delivery and four motors for static firings,; (2}
delivery of three Algol dual transporters; and (3) tooling for
processing four motors per month,

Contract negotiations were completed on the scope of work de-
fined in January.

Contract Change Notification (CCN) No. { for the fabrication
and delivery of two borescopes was received.

A follow-on contract was negotiated for the delivery of 13
additional Algol IIA motors.

Direction was received to reduce the Algol I1A motor delivery
rate from four to two units per month, extending the delivery

schedule six months.
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i, Introduction (cont,)

December 1962 Authority was received to rehabilitate the Algol IIA-3 chamber
for an additional (fifth) static firing.

January 1963 Direction was received for the fifth static firing to be conducted
as proposed with the Algol IIA-3 rchabilitated chamber,

Aopril 1963 Contract Change Notification No, 3 was received, This CCN
directed Aerojet to modify the igniter to include a 2000-gm wnain
charge, and to qualify the modified igniter by testing two exist-
ing and four modified igniters. A modified igniter is also to be
used in a sixth static {iring.

Tre Algol I phase of the program was completed in May 1962,

The schedule for the Algol 1IA program (Figure 1) shows a reduction in the
delivery rvate for Algol IIA motors frorm four to two units per month in compliance

with the direction received in Novernber {962,

A seventh static firing has been scheduled for 15 May. Motor IIA-11 and the

modified igniter with a 2000-gm main charge have been selected for this test.

. SUMMARY

The sixth full-scale static firing was conducted on 24 April 1963 and all test
chiectives were achieved. This is the first test in which jet ‘vanes were not used;
itherefore, it is not necessary to correct the ballistic data obtained for the axial
impulse loss due to the jet vanes, The total delivered impulse of motor Algo!l
1IA-18 was 4, 726, 314 lbf-sec; action time was 67.9 sec; specific ympulse was
223.2 Ibf-sec/lbm. The web burning time was 48.1 sec, and the web impulse was
4, 173, 352 lhf-sec.

As a result of the hangfire that occurred in the test of motor Algol IIA-3
{Rehab), an igniter-recovery program was conducted, The program consisted of

tne testing of both two existing igniters (1400-gm main charge) and four modified
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II, Summary (cont, )

igriters in a simulated free-volume chamber., A mecdified igniter was also used
in motor Algol IIA-18 during the sixth static firing. In addition to the igniter-
recovery program, a study was made to determine if the wax coating left on the
suriace of the grain after femoval of the core has any effect on ignition, In con-
junction with this study, propellant samples were taken from the grain surfaces of
motors Algol 11A-13 and IIA-19 and were photographed and chemically analvzed to

determine wax-residue and ammonium-perchlorate (oxidizer) content,.

The delivery of all motors and the processing of motors subsequent to motor
Algol TIA-20 were suspended, pending results of the igniter-recovery program,
Motor Algol TIA-13 has been sent to the Naval Amamunition Depot (NAD), Concord,
California, for radiographic inspection. Algol IIA-19 will be shipped to NAD and
HA-20 is in final assembly As requested by NASA, motors Algol IIA-21 through
I1A-26 will be cast using wood cores with Styrofoam inserts to provide a grain

configuration similar to those tested and flown to date.

Motor ITA-11 is being returaed from Wallops Island, Virginia  for use in the
seventh static test. The objectives of this test are to determine the ignition
characteristics of motors cast using wooden cores with wooden inserts, and to
determine the integrity of the motor under static-test conditions. The motor
was one of a dual shipment exposed to an unknown temperature environment (be-

lieved to be below the current +50° limit).

I, FPROGRAM STATUS

A, DESIGN

Tie basic development phase of the program was completed with the
fourth static firing. However, a hangfire occurred in this test {Algol iIA-3 Rehab)
1
and by mutual agreement of NASA and Aerojet, ithe igniter was redesigned. The

igniter ynain charge was increased from 1400 to 2000 gm of Alclo pellets, and the
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i, A, Devign {cont,)

[

griter chamber was extended 10 in. to enable the increased Joading. In addition,

o

-

our 0.750-in, -dia ports, 90 degrees apart, were drilled in the nozzle end of the
chamber; the ports are oriented so that each vents down a valley of the grain.

Toos-swltzonal views of the modified igniters are shown in Figures 2 and 3,

An igniter-recovery program was conducted to qualify the modified

U4

rater {£000-gm main charge)., The program included two tests of the existing
griter {1400-gm main charge) and four tests of the modified igniter (2000-gm
main charge) to cbtain comparative performance data. The modified igniter was

ii50 used in motor TA-18 for the sixth static firing.

In addition to the igniter recovery program, a study was made to de-
termine if wax left on the grain surface after removal of the core could inhibit
:gurition of the grain, In conjunction with this study, samples were taken from
the grain surface of two motors to determine both the wax content on the grain

surface and whether a fuel-rich grain surface results from use of a hard core.

Ar exact determination of how motor ignition is affected by wax left
or: the surface of the grain was not possible because of the complexity of the
actual 1gnition process. However, by assauming an 1dealized process based on’
the energy obtained from a 1400-gm main charge igniter through the first 0,075
sec after fireewitch (see Figure 4), it was determined that a wax thickness of

0.0016 1n. or greater could prevent ignition,

Strips of propellant were removed from the bore surfaces of motors
i1A-13 and - 19 to determine how use of the hard core affects the oxidizer cen-
tent of the propellant-grain surface. These samples, obtained on fore and aft
pertions of the grain surface, were photographed and then physically and chem-

scaliy aralyzed for wax-residue and ammonium-perchicraie content,




Report 0498-01M-23

I, A, Design {cont.)

The recsults of the analyses show that the wax is distributed rardorly
and in small patches whereas the ammonium-perchlorate particles are evenly dis-
tribated,and the quantitative analysis results agree with the propellant specifica-
tion,

Jsing the motor chamber index hole as zero-degree reference, sam-

Al

p.es of bore-surface propellant were removed from the aft end of the grain bore

in strips approximately 0.5-in, -wide and 6-in. -long. The strip was started 11 n.
irom the aft surface and terminated 5 in, from the aft surface, Ferward sampies
were removed approximately 6 in. aft of the igniter sleeve. Two samples were
taken at each position from motor IIA-13, and single samples were removed from
metor ITA-19, All strips were dry-cut with a 0,5-in, -stirrup cutter., One-
sozition samples only were removed from the forward end of the grain because of

the difficulty in reaching this area,

The propellant strips from moters IIA-13 and IJA-19 were examined by
aitravielet fluorescence. Small specks were found at 90, 135, and 315 degrees on
camples 6, 7, and 15 removed from motor I1A-13, Samples 8 and 10 had areas of
spproximately 0,25-in, -dia at 135 and 180 degrees, No wax was found on the

<arnples from motor IIA-19,

The ammonium-perchlorate samples were burned in a peroxide bomb,
scid-washed, and titrated wath silver nitrate, The accuracy of this test is approx-

moately §7%, Resulls of the tests expressed as % NH, C]O4 are:

Aft
Position, degrees Sample No, Motor 1IA-13 Motor ITA-19
¢ 1 57 39
2 53
45 { 57 59
2 59
30 1 58 69
2 56
135 i 57 56
Z 57
180 i 58 61
2 57 .
225 1 59 58
2 60
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Af
Position, degrees Sample No., Motor TTA-13 Motor TIA-19
270 1 54 60
2 60
315 i 59 58
i 59
Forward
Pc=.tion, degrees
180 1 59 52
2 60

Photographs of each sample taken at 1X, 10X, and 50X magnification
s«ve shown in Figures 5 and 6, Although this study revezaled no major discrepancy

“hat woald sffect ignitors, the investigation will be continued,

B. FABRICATION

The remaining 15 chambers in the {foliow-on order have been fabricated.
Two of these will be used as manufacturing spares. Fourteen insulated chambers,
including the rehabilitated Algol I1A-3 chamber, have been received, Since the
(msulation of <he rehabilitated chamber for Algol 1IA-2 (Rehab) 1s not included in
‘he contract, available funds enable insulating only two of the remaining three
chambers, The remaining five nozzles are being fabricated, and the first nozzle

.5 echeduled for delivery the last week of May.
C MOTOR PROCESSING AND SHIPPING

Processing of Algol IIA motors was changer by NASA directive, TWX
327.338 from S. T. Butler to C. H. Parr, dated 30 August 1962, This ditective
requires either a radiographic or borescopic inspection of all deliverable motors.
Motors 1TA-4 through -9 were processed with Styrofoam star points imbedded in
grain, These inserts werc originally used to change the configuration of the

temnporary wood cores. Because adequate velease agents are unavailable, these

irserts are not released from the propellant but remain in the motor. The
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il7, C, Motor Processing and Shipping (cont,)

presence of the Styrofoam in the grain bore physically prevents the use of a .
torescope for inspecting the motor interior. After several attempts, the Styro-
foam was mechanically removed from motors IIA-6 and -7. Motor JIIA-7 was

Lorssoonically inspected in conjunction with the borescope training program con-

suciec by Aerojet-General for NASA personnel,

Wooden, instead of Styrofoam, - inserts were successfully used in
motors 1TA-10, =11, -12, and =13, An aluminrum bhard core was usecd in cdsting
rvotors JIA-14 through ~-20. The following is a summary of the status of rmotcrs

T{A 13 and JIA-16 through -20,

Motor Status Grain Status Inspection Status
TIA .13 Shipped to NAD Wood core, removed To be radiographically
inspected at NAD
ITA-16 To be delivered Aluminum hard core, Radiographically in-
removed spected at NAD
ITA 17 Delivered to PMR Radiographically in -
spected at NAD
THA VIR To be statically Radiographically in-
tested spected at NAD
A 10 To be delivered To be radiographicaily
inspected at NAD
A -2C Ir final assembly To be radiographicaily

storaga of .

TOOLING

The tooling schedule is shown in Figure 7.

igol 1IA motors were fabricated during the report pericd,

inspected at NAD

Two sets of chocks for

Per NASA

directive, the soft cores with Styrofoamn fillets are being readied for use,
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. TESTING

AL ALGOL 1JA-18
1, Objecl;j_lrves

Algol TTA-18 was cuccessfully fired 24 Apvil 1963 at Sacramento,

€ b

Risor obtectives of the test designated AS-DA~085..TH, were to:

Qualify the modified igniter cortaining arn increased rmain
g

-

A3
m

b. Determine ignitibility of propellant cast with the aluminum

nird core,using the modified igniter,

c. Obtain pure ballistic data during the test of an Algol IIA
notor,
d. Confirm ballistic performance for an Algol I1A motor con-

d:tioned to +50°F,

All test objectives were achieved,

2. Motor Ballistic Performance

The pressure- and thrust-vs-time curves for this firing are
crecented in Figure 8, A summary of motor characteristics and performance data

s given in Figure 9,

The overall motor ignifion time was reduced from that of the
Frevicus moter tested, motor IIA-3 (Rehab), The ignition interval for motor
“A-18 was 100 millisec compared to the 3,7-sec hangfire of motor 11A-3 {Rehab),
The igration fransient curve is shown in Figure 10, Peak chamber pressure was

605 psia 0,234 sec after fireswitch and decreased to 550 psia after 1.015 sec.

The total delivered impulse was 4, 726, 314 1bf-cec over ar. action
tirme of 67,9 zec with a specific impulse of 223, 2 1bf-sec/ibm. The web burning

time warn 43,1 sec, and the web impulse was 4, 185, 163 1bf-sec. These values
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IV, A, Algol IIA-18 (cont.)

are consistent with those previously reported and substantiate the conservative
rmpuise data in reports of previous motor firings. 1In these reports, a correction

was made for the drag imposed by the actuation of the jet vanes,

The motor was conditioned to +530°F for five days prior to the

-,

iting ard was removed from the conditioning cell on the morning of the test.
HBecause it was originally intended for delivery, no thermccouples were installed
n the grain of this motor, and grain temperature was not monitored after the
mictor wis removed from the conditioning cell. However, the temperature
ditferential was insufficient to have caused a significant change 1n the grain

temperature (from the conditioning temperature. )

3. Motor Components

All motor components of motor ITA-18 were of the flight con-

iguration and performed satisfactorily. The nozzle (SN 633058) was the

=

cecond to be statically tested {rom the secound-source vendor, Cincinnati Testing
Laboratories, The jgniter (SN 54-31) was the first of the modified configuration

to he used in a full-scale test.
a, Nozzle

Postfiring inspection of the nozzle showed that exat-
cone erosston was uniform and that the {low pattern had been similar to those of
the previous five development tests. This nozzle will be sectioned to obtain char
aepths; these values, when compared with data obtained from previous firings,
will show whether quenching immediately after tailoff significantiy reduces

charring of both the exit cone and the entrance cap portion of the nozzle.

Irosion of the graphite throat was uniferm, The

inrscat area showed an increase of only 4. 13%, scomewhat less than that which
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IV, A, Algo! IIA-13 (cont.)

cccarred on other test motors. A circumferential crack, similar to those

found in previous nozzles tested, was found 4 in, from the aft edge of the graphite
tnroat insert. The crack was clean, indicating that cracking occurred during
guenching. As in previous nozzles, the crack propagated from the point where the
cit edge of the steel closure and asbestos overwrap ends. Erosion of the nozzle
entraince section was similar to that of previous nozzles. Prefiring and postiiring

weights of the nozzle were 435 and 383 1b, respectively.
b. Insulated Chamber

"lhe chamber (SN 699041) used for the test was the same
ht-weight configuration as those of motors ITA-2, -3, -2 (Rehab), and -3 {(Rehab).
Postfiring examination revealed that the insulation maintained its its integrity through-

cutl the {iring.
c. Igniter

The igniter used in this test was of the modified con
Iiguration with the increased main charge (2000 gm vs 1400 gm) and additional
porting. Prefiring and postfiring weights were 30 and {4.2 lb, respectively.
Although the ignition interval was similar to that of other acceptable firings, the
data showed that motor IIA-18 reached full pressure much faster than did
previous motors. The following tabulation compares ignition characteristics ot

motors of the final grain configuration that have been fired., Motor IIA-3 (Rehab)

was not included in this tabulation because of the hanglire,

L lg-;:nter Ignition Peak Chamber Time to Time to 45 psia
Mo Main Charges, gm Core Delay, millisec Pressure, ps:a Peal, sec (90% av Pc, sec)

1A~ 1400 Styrofoam 40 577 0.777 0. 165
Inserts -
1400 Styrofoam 55 613 0.825% ' 0.132
A Inserts
2000 Aluminum 100 605 0. 234 0,154
Core

10
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S0 A Alpe! 1HA-18 (cont.)

Ignition delay is defined as the time interval from the
appiication of electrical contact to the time at which a tangent extended along

the ascending portion of the chamber pressure trace intercepts the time scale.
3, IGNITERS

The igniter-rocovery program included the testing cf both two igniters
witi 1400-gm main charges and four modified igniters with 2000-gm main charges,
These 1gniters were tested in ap instrumented free-volume test chamber., Pro-
~r:zions weore made to monitor ignition energy and chamber pressure at four
siations along the chamber, 7.5, 12.5, 17.5 and 22.5 ft downstream of the
wgniter, Igniter pressure was monitored 1n the tests of the modified igniter, buat
vas not monitered in the first two tests because the flight-design adapters used
for these tests had ornly one pressure tap. Chamber pressure at each station
was monitored with a Taber pressure transducer; ignition energy was monitored
with a chromel-alumel thermocouple located in a gold button calorimeter, A

tabuiation of data from these tests is shown in Figures 1t through 17,

The inner diameter of the free-volurne chamber is 15,25 in, and
1o length is 370,75 in., with a corresponding volume of 67,775 cu in., This
shamber clcsely simulates the free volume of the Little Joe IT motor (68, 256 cu

s 4 ard, although the {free volume of the Algol 1JA motor is onty 41t, 800 cu

» i

.t was sclected because of 31ts immediate availability, This difference in

tree voiume shoald be considered when the calorimetry data arc reviewed.

Dressure-vs -timie curves for a typical igniter of each configuration are shown
yp g g

in Figure 18 and 19.

V. FUTURE WORK

Proceasing of motors for delivery will be started again and motors

1IA - 2! through 26 will be cast, using wooden cores with Styrofoam’ingerts.
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V. Furure Work (cont. )

Algol 11Z-11 is scheduled to be statically {ired at +50°F oa or before

13 May 1963. This will be a straight ballistic firing with no jet vanes installed.
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Postfiring View of Ports on Modified Igniter (Photo 4-635 074



Report 0498-01M-23

(00} 80 SE9-¢ 010U} J23uT] PSYIPOIN O MBTA UOTIDVG-REOI])




Report 0498-0{M-23

NLG "$38YYH 30 ASWING VIO

a931udy 9daeyny ure Wi-gop) I01 S9AIND DWIL-SA~ARISUY pue -2INSSDIJ

338 ‘ami}

BO* LG* 90" 80° rG* €0 e 0 (v}

1
——
|
5 _ -
14293N3 1 w _
t
0001 ; N _, 1
.‘IIIILH / / | H
/ \ 1 305830 | ooz
| . ! B

] |

t

N\

0oe

M _ : m 00w
_/
C0OY .- 4

005

—+ : e e S 008

‘3gNSSIM Y

visd



Report 0498-.01M-23

Propellant Samples From Motor 1IA-13
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Ceneral Motor Characteristics

Loaded motor weight, lbm

Propellant weight, lbm

Total inert parts weight, lbm
Expended motor weight, lbm

Nozzle weight, lbm

Chamber weighi, lbm

Insulation weight, lbm

Liner weizht, lbm

Igniter weight, lbm

Weight loss, l

Igniter charge weight, lbm
Characte:istics velocity (C¥*), ft/sec
C, (total burning time), lbm/lbf-sec
Web thickness, in.

Nozzle exit cone half angle, degrees
¥agimum thrust misalignment (calculated), degrees
Mobtor overall length, in,

Chambter dia., in.

Cperating temperature limits, °F
Storase temperature limits, °F
Initial threoat area, 59 in,

Final throat aresa, sq in.

Throat arca increase, %

Motor ITA- 18 Data

Figure 9, Sheet 1 of 3

Not Available

435

Not Available
4,5

5129

0.0069

@, 737

17

40.0
+70 to +90
+70 to +20

111.015
135,529

4,13
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General Motor Characteristles (count)

Initial exit area, 389 in. 810.162
Final exdt arca, saq in. 810, 545
Nczzle expansion ratio 7.30
Propellant mass fraction 0,895
Port to throat ratio 1.48
Initiad burning surface area, sq in. 24,89C
free volume, cuble in, 41,8CC
Grain confipuration 4 »noint star

Mator Ballistic Characteristics

Average thrust {webj, lbf 87,01G
Average thrust {total), 1bf 62, 607
Maximun thrust, 1bf at 47,R77 sec 69,4866
Impulse (web), 1lbf-sec 4,185,163
Impulse (total), 1bi-sec 4,726,314
Spezcific Impulse {total), lbf-cec/lim 23,2
Average pressurz (web), psia 540
iverage pressure (total), psia 438
Maximum pressure, psia at Q0,234 sec 3805.6
Grain temperature, °F +30
Ignition delay, sec 100
Ifmition interval, sec 100
Barning rate, in./sec 0.202
vieb bturning time, sec 43,10C
Total burning time, sec 87, 900

Motor IIA-18 Data

Figure 9, Sheet 2 of 3
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Motor Ballistic Characteristics (cont)

Weight flow rate,
Ce (total burning
Impulse to welght

Center of gravity
forward

Cenver of gravity
forward

1bm/sec
time)
ratic, 1bf-sec,/lbm

loaded (measured) inches aft of
thruast flange

expended {measured) inches aft of
thrust flange

Motor ITIA-18 Data

Figure 9, Sheet 3 0of 3

E=4

811,93

156,89

Not Available
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